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Regeneration, While important to the present invention, 
may be performed in any conventional manner. If a selectable 
marker has been transformed into the cells, the selection agent 
may be incorporated into the regeneration media to further con- 
firm that the regenerated plantlets are transformed. Since 
regeneration techniques are well known and not critical to the 
present invention, any technique which accomplishes the regener- 
ation and produces fertile plants may be used. 


VI. Analysis of Rl progeny 

The plants regenerated from the transformed callus are re- 
ferred to as the RO generation or RO plants. The seeds produc- 
ed by various sexual crosses of the RO generation plants are 
referred to as Rl progeny or the Rl generation. When R1 seeds 


are germinated, the resulting plants are also referred to as 
the R1 generation. 


To confirm the successful transmission and inheritance of 
the heterologous DNA in the sexual crosses described above, the 
RL generation should be analyzed to confirm the presence of the 
transforming DNA. The analysis may be performed in any of the 
manners such as were disclosed above for analyzing the bombard- 
ed callus for evidence of transformation, taking into account 


the fact that plants and plant parts are being used in place of 
the callus. 


VII. Breeding of Genetically Engineered Commercial Hybrid Seed 

Generally, the commercial value of the transformed corn 
produced herein will be greatest if the heterologous DNA can be 
incorporated into many different hybrid combinations. A farmer 
typically grows several varieties of hybrids based on differ- 
ences in maturity, standability, and other agronomic traits. 
Also, the farmer must select a hybrid based upon his physical 
Location since hybrids adapted to one part of the corn belt are 
generally not adapted to another part because of differences in 
such traits as maturity, disease, and insect resistance. As 
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such, it is necessary to incorporate the heterologous DNA into 
a large number of parental lines so that many hybrid combina- 
tions can be produced containing the desirable heterologous 
DNA. This may conveniently be done by breeding programs in 
which a conversion process (backcrossing) is performed by cross- 
ing the initial transgenic fertile plant to normal elite inbred 
lines and then crossing the progeny back to the normal parent. 
The progeny from this cross will segregate such that some of 
the plants will carry the heterologous DNA whereas some will 
not. The plants that do carry the DNA are then crossed again 
to the normal plant resulting in progeny which segregate once 
more. This crossing is repeated until the original normal par- 
ent has been converted to a genetically engineered line contain- 
ing the heterologous DNA and also possessing all ‘other import- 
ant attributes originally found in the parent. A separate back~ 
crossing program will be used for every elite line that is to 
be converted to a genetically engineered elite line. It may be 
necessary for both parents of a hybrid seed corn to be homozy~ 
gous for the heterologous DNA. Corn breeding and the tech- 
niques and skills required to transfer genes from one-line or 
variety to another are well-known to those skilled in the art. 
Thus introducing heterologous DNA into lines or varieties which 
do not generate the appropriate calli can be readily accomplish- 
ed by these breeding procedures. 


VIII. Uses of Transgenic Plants 

The transgenic plants produced herein are expected to he 
useful for a variety of commercial and research purposes. 
Transgenic plants can be created for use in traditional agriculi- 
ture to possess traits beneficial to the grower (e.g. agronomic 
traits such as pest resistance or increased yield), beneficial 
to the consumer of the grain harvested from the plant (e.g. im- 
proved nutritive content in human food or animal feed), or bene- 
ficial to the food processor (e.g. improved processing traits). 
In such uses, the plants are generally grown for the use of 
their grain in human or animal foods. however, other parts of 
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the plants, including stalks, husks, vegetative parts, and the 
like, may also have utility, including use as part of animal si- 
lage or for ornamental purposes (e.g. Indian corn). Often chen- 
focal constituents (e.g. oils oF starches) of corn and other 
crops are extracted for food or industrial use and transgenic 
plants may be created which have enhanced or modified levels of 
such components. , The plants may also be used for seed produc~ 
tion for a vabiie ry of purposes. 


Transgenic plants may aiso find use in the commercial man- 
ufacture of proteins or othermolecules encoded by the heterolo- 
gous DNA contained therein, where the molecule of interest is 
extracted or purified from plant parts, seeds, and the Like. 
Cells or tissue from the plants may also be cultured, grown jin 
vitro, or fermented to manufacture such molecules, or for other 
purposes (e.g. for research). - 


The transgenic plants may also be used in commercial 
breeding programs, or may be crossed or bred to plants of relat- 
ed crop species. Improvements encoded by the heterologous DNA 
may be transferred, @.g- from corn cells to cells of other spe~- 
cies e.g. by protoplast fusion. 


The transgenic plants may have many uses in research or 
breeding, including creation of new mutant plants through inser-~ 
tional mutagenesis, in order to identify beneficial mutants 
that might later be created by traditional mutation and selec~- 
tion. The methods of the invention may also be used to create 
plants having unique "signature sequences" or other marker 


sequences Which can be used to identify proprietary lines or 
varieties. 


The following non-limiting examples are iliustrative of 
the present invention. They are presented to better explain 
the general procedures which were used to prepare the fertile 
Zea mays plants of this invention which stably express the 
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heterologous DNA and which transmit that DNA to progeny. All 
parts and percents are by weight unless otherwise specified. 
It must be recognized that a specific transformation event is a 
function of the amount of material subjected to the transforma- 
tion procedure. Thus when individual situations arise in which 
the procedures described herein do not produce a transformed 
product, repetition of the procedures will be required. 


EXAMPLE 7 





Fertile transgenic Zea mays plants which contain heterolo- 
gous DNA which is heritable were prepared as follows: 


tT. Initiation and maintenance of maize cell cultures which re- 
tain plant regeneration capacity 7 

Friable, embryogenic maize callus cultures were initiated 
from hybrid immature embryos produced by pollination of -inbred 
line A188 plants (University of Minnesota, Crop Improvement 
Association) with pollen of inbred Line B73 plants (Towa State 
University). Ears were harvested when the embryos had reached 
a length of 1.5 to 2.0 mm. The whole ear was surface steriliz- 
ed in 50% v/v commercial bleach (2.63% w/v sodium hypochlorite) 
for 20 min. at room temperature. The ears were then washed 
with sterile distilled, deionized water. Immature embryos were 
aseptically isolated and placed on nutrient agar initiation/- 
maintenance media with the root/shoot axis exposed to the medi-~ 
um. Initiation/maintenance media (hereinafter refered to as F 
medium) consisted of N6 basal media (Chu 1975) with 2% (w/v) su- 
crose, 1.5 mg per liter 2,4-dichlorophenoxyacetic acid (2,4-D), 
6 mM proline, and 0.25% Gelrite (Kelco, Inc. San Diego). ‘The 
pH was adjusted to 5.8 prior to autoclaving. Unless otherwise 
stated, all tissue culture manipulations were carried out under 
sterile conditions. 


The immature embryos were incubated at 26°C. in the dark. 
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Cell proliferations from the scutellum of the immature embryos 
were evaluated for friable consistency and the presence of well 
defined somatic embryos. Tissue with this morphology was trans- 
ferred to fresh media 10 to 14 days after the initial plating 
of the immature embryos. The tissue was then subcultured on a 
routine basis every 14 to 21 days. Sixty to eighty milligram 
quantities of tissue were removed from pieces of tissue that 
had reached a size of approximately one gram and transferred to 
fresh media. Subcuituring always involved careful visual moni- 
toring to be sure that only tissue of the correct morphology 
was maintained. The presence of somatic embryos ensured that 
the cultures would give rise to plants under the proper condi~ 
tions. ‘The cell culture named AB12 used in this example was 


such a culture and had been initiated about 1 year before bon- 
bardment. 


Ii. Plasmids -— pCHNi-~12 HYGIiL BItT221, and pLluc-1 

The plasmids pCHNi-1, pHYGIi, and pLUC-1 were constructed 
in the vector pBS+ (Stratagene, Inc., San Diego, CA), a 3.2 Kb 
circular plasmid, using standard recombinant DNA techniques. 
pCHN1-1 contains the hygromycin B phosphotransferase (HPT) 
coding sequence from E. coli (Gritz et al. 1983) fianked at 
the 3' end by the nopaline synthase (nos) polyadenylation 
sequence of Agrobacterium tumefaciens (Chilton and Barnes 
1983). Expression is driven by the cauliflower mosaic virus 
(CaMV) 35S promoter (Guilley et al. 1982), located upstream 
from the hygromycin coding sequence. The plasmid pHYGI1 was 
constructed by inserting the 553 bp Bcl-BamHl fragment contain-~ 
ing the maize Adh1S first intron (Callis et al. 1987) between 
the CaMV 35S promoter and the hygromycin coding sequence of 
pCHN1-1. A map of pHYGII1 is provided as Figure l. 





pBII221 contains the E. Coli B-glucuronidase coding se~ 
quence flanked at the 5' end by the CaMV 35S promoter and at 
the 3' end by the nos polyadenylation sequence. The plasmid 
was constructed by inserting the maize AdhIS first intron 
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between the 35S promoter and the coding sequence of pBIl22i (Jef- 
ferson et al. 1987). A map of pBII221 is provided as Figure 2. 


piuc-1 contains the firefly luciferase coding sequence 
(DeWet et al. 1987) flanked at the 5' end by the CaMV 355 pro~ 
moter and at the 3' end by the nos polyadenylation sequence. 
This plasmid was used solely as a negative control. 


Plasmids were introduced into the embryogenic callus cul- 
ture AB12 by microprojectile bombardment. 


Tir. DNA delivery process 

The embryogenic maize callus line AB1L2 was subcultured 7 
to 12 d prior to microprojectile bombardment. AB1i2 was prepar-~ 
ed for bombardment as follows. Five clumps of callus, each ap~ 
proximately 50 mg in wet weight were arranged in a cross pat- 
tern in the center of a sterile 60 xX 15 mm petri plate (Falcon 
1007). Plates were stored in a closed container with- moist 
paper towels throughout the bombardment process. Twenty six 
plates were prepared. 


Plasmids were coated onto M~10 tungsten particles (Biolis- 
tics) exactly as described by Klein, et al (1988b) except that, 
(i) twice the recommended quantity of DNA was used, (ii) the 
DNA precipitation onto the particles was performed at o°Cc., and 
(iii) the tubes containing the DNA-coated tungsten particles 
were stored on ice throughout the bombardment process. 


All of the tubes contained 25 ul 50 mg/ml HM-10 tungsten 
in water, 25. ul 2.5 M CaCl,, and 10 ul 100 mM spermidine free 
base along with a total of 5 ul 1 mg/ml total plasmid content. 
When two plasmids were used simultaneously, each was present in 
an amount of 2.5 ul. One tube contained only plasmid pBIi221i 
two tubes contained both plasmids pHYGI1 and pBII221; two tubes 
contained both plasmids pCHN1-1 and pBII221; and one tube con- 
tained only plasmid pLUC-1. 
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All tubes were incubated on ice for 10 min., pelletized 
by centrifugation in an Eppendorf centrifuge at room tempera- 
ture for 5 seconds, and 25 ul of the supernatant was discarded. 
The tubes were stored on ice throughout the bombardment pro- 


cess. Each preparation was used for no more than 5 bombard~- 
ments. 


Macroprojectiles and stopping plates were obtained from 
Biolistics, Inc. (Ithaca, NY). They were sterilized as describ- 


ed by the supplier. The microprojectile bombardment instrument 
was obtained from Biolistics, Inc. 


The sample plate tray was positioned at the position 5 cm 
below the bottom of the stopping plate tray of the microprojec- 
tile instrument, with the stopping plate in the slot below the 
barrel. Plates of callus tissue prepared as described above 
were centered on the sample plate tray and the petri dish lid 
removed. A 7 X 7 cm square rigid wire mesh with 3 x 3 mm mesh 
and made of galvanized steel was placed over the open dish in 
order to retain the tissue during the bombardment. Tungsten/- 
DNA preparations were sonicated as described by Biolistics, 
Tne. and 2.5 wl was pipetted onto the top of the macroprojec-~ 
tiles. The instrument was operated as described by the manufac- 
turer. The following bombardments were performed: 


2 x pBII221 prep To determine transient expres- 
sion frequency 


10 x pHYGI1/pBIT221 As a potential positive treat-— 


ment for transformation 


10 xX pCHNi-1/pBIT221 As a potential positive treat- 


ment for transformation 
4 x pLUc-1 Negative control treatment 
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The two plates of callus bombarded with pBII221 were 
transferred plate for plate to F medium (with no hygromycin) 
and the callus cultured at 26*Cc. in the dark. After 2 dad this 
callus was then transferred plate for plate into 35 x 10 mm 
petri plates (Falcon 1008) containing 2 ml of GUS assay buffer 
which consists of 1 ng/nl 5-bromo-4-chloro~3~indoly]l-beta~D-glu- 
curonide (Research Organics), 100 mM sodium phosphate pH 7.0, 5 
mM each of potassium ferricyanide and potassium ferrocyanide, 
10 wM EDTA, and 0.06% Triton X~100. These were incubated at 
37°C. for 3 dad after which the number of blue ceils was counted 
giving 291 and 477 transient GUS expressing cells in the two 
plates, suggesting that the DNA delivery process had also occur- 
red with the other bombarded plates. These plates were discard- 
ed after counting since the GUS assay is destructive. 


TV. Selection Process 





Hygromycin B (Calbiochem) was incorporated into the medi- 
um by addition of the appropriate volume of filter sterilized 
100 mg/ml Hygromycin B in water when the media had cooled to 
45°C. prior to pouring plates. 


Immediately after all samples had been bombarded, callus 
from all of the plates treated with pHYGI1/pBIil221, pCHN1~1/- 
pBII221 and three of the plates treated with pLUC-1 were trans- 
ferred plate for plate onto F medium containing 15 mg/l hygro- 
mycin B, (five pieces of callus per plate). ‘These are referred 
to as round 1 selection plates. Callus from the fourth plate 
treated with pLUC-1 was transferred to F medium without hygromy- 
cin. This tissue was subcultured every 2-3 weeks onto nonselec~ 
tive medium and is referred to as unselected control callus. 


After two weeks of selection, tissue appeared essentially 
identical on both selective and nonselective media. All callus 
from eight plates from each of the pHY¥GI1/pBII221 and pCHN1-1/- 
pBII221 treatments and two plates of the control callus on se- 
lective media were transferred from round 1 selection plates to 
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round 2 selection plates that contained 60 mg/l hygromycin. 
The round 2 selection plates each contained ten 30 mg pieces of 


callus per plate, resulting in an expansion of the total number 
of plates. 


The remaining tissue on selective media, two plates each 
of pHYGI1/pBII221 and pCHN1~1/pBII221 treated tissue and one of 
control callus, were placed in GUS assay buffer at 37°C. to 
determine whether blue clusters of cells were observable at two 
weeks post-bombardment. After 6 d in assay buffer this tissue 
was scored for GUS expression. 


TREATMENT REPLICATE OBSERVATIONS 
pLuc-1 no blue ceils 
PHYGI1/pBII221 plate 1 11 single cells 


1 four cell cluster 
plate 2 5 single cells 


pCHN1-1/pBITa21 plate 1 1 single cell 


2 two cell clusters 


plate 2 5 single cells 
tL two cell cluster 
2 clusters of 8~10 cells 


after 21 da on the round 2 selection plates, ali viable 
portions of the material were transferred to round 3 selection 
plates containing 60 mg/l hygromycin. The round 2 selection 
plates, containing only tissue that was apparently dead, were 
reserved. Both round 2 and 3 selection plates were observed 
periodically for viable proliferating sectors. 


After 35 d on round 3 selection plates both the round 2 
and round 3 sets of selection plates were checked for viable 
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sectors of callus. Two such sectors were observed proliferat- 
ing from a background of dead tissue on plates treated with 
pHYGI1/pBII221. The first sector named 3AA was from the round 
3 group of plates and the second sector named 6L was from the 
round 2 group of plates. Roth lines were then transferred to F 
medium without hygromycin. 


after 19 d on F medium without hygromycin the line 3AA 
grew very little whereas the line 6L grew rapidly. Both were 
transferred again to F medium for 9 dad. The lines 3AA and 61 
were then transfered to F medium containing 15 mg/l hygromycin 
for 14 a. At this point, line 3AA was observed to be of very 
poor quality and slow growing. The line 6L however grew rapid- 
ly on F nedium with 15 mg.l hygromycin. fin preparation for an 
inhibition study of the line 6L on hygromycin, the line was 
then subcultured to F medium without hygromycin. - 


After 10 dad on F-medium an inhibition study of the line 61 
was initiated. Callus of 61 was transfered onto F medium con- 
taining 0, 10, 30, 100, and 250 mg/l hygromycin B. Five plates 
of callus were prepared for each concentration and each plate 
contained ten approximately 50 mg pieces of callus. One plate 
of unselected control tissue was prepared for each 
concentration of hygromycin. ) 


Tt was found that the line 6L was capable of sustained 
growth over 9 subcultures on 0, 10, 30, 100, and 250 mg/l hygro- 
mycin. The name of the line 61 Was changed at this time from 
61, to PH1 (Positive Hygromycin transformant 1). 


Additional sectors were recovered at various time points 
from the round 2 and 3 selection pilates. None of these were 


able to grow in the presence of hygromycin for multiple rounds ; 
j.e. two or three subcultures. 
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vy. Confirmation of transformed callus 

To show that the PH1 callus had acquired the hygromycin 
resistance gene, a Southern blot of PH1 callus was prepared as 
follows: DNA was isolated from PH1 and unselected control calli 
by freezing 2 g of callus in liquid nitrogen and grinding it to 
a fine powder which was transferred to a 30 ml Oak Ridge tube 
containing 6 ml extraction buffer (7M urea, 250 mM NaCl, 50 mM 
Tris-HCl pH 8.0, 20 mM EDTA pH 8.0, 1% sarcosine). To this was 
added 7 ml of phenol:chloroform 1:1, the tubes shaken and incu- 
bated at 37°C. 15 min. Samples were centrifuged at 8K for 10 
min. at 4°C. The supernatant was ‘pipetted through miracloth 
(Calbiochem 475855) into a disposable 15 ml tube (American Sci-~- 
entific Products, C3920-15A) containing 1 ml 4.4 HM ammonium ace~ 
tate, PH 5.2. Isopropanol, 6 ml, was added, the tubes shaken, 
and the samples incubated at ~-20°C. for 15 min. The DNA was 
pelleted in a Beckman TJ~6 centrifuge at the maximum ‘speed for 
5 min. at 4°C. The supernatant was discarded and the pellet 
was dissolved in 500 ul TE-10 (10 mM Tris-HCl pH 8.0, -10 mM 
EDTA pH 8.0) 15 min. at room temperature. The samples were 
transferred to a 1.5 ml Eppendorf tube and 100 ul 4.4 M, ammoni- 
um acetate, pH 5.2 and 700 ul isopropanol were added. This was 
incubated at -20°C. for 15 min. and the DNA pelleted 5 min. in 
an Eppendorf microcentrifuge (12,000 rpm). The pellet was wash- 
ed with 70% ethanol, dried, and resuspended in TE~1 (10 mM Tris- 
HC] pH 8.0, 1 mM EDTA). 


The isolated DNA (10 ug) was digested with BamHI (NEB) 
and electrophoresed in a 0.8% w/v agarose gel at i5V for 16 hrs 
in TAE buffer (40 mM Tris-acetate, 1 mM EDTA). The DNA within 
the gel was then depurinated by soaking the gel twice in 0.25 M 
HC] for 15 min., denatured and cleaved by soaking the gel twice 
in 0.5 M NaOH/1.0 M NaCl 15 min., and neutralized by soaking 
the gel twice in 0.5M Tris pH 7.4/3M NaCl 30 min. DNA was then 
blotted onto a Nytran membrane (Shleicher & Shuell) by capillar- 
y transfer overnight in 6X ssc (20K SSC, 3M Nacl, 0.3M sodium 
citrate pH 7.0). The membrane was baked at 80°C. for 2 hrs 
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under vacuum. Prehybridization treatment of the membrane was 
done in 6X SSC, 10X Denhardt's solution, 1% SDS, 50 ug/ml dena~ 
tured salmon sperm DNA using 0.25 ml prehybridization solution 
per cm“ of membrane. prehybridization was carried out at 42° 


Cc. overnight. 


A 32P labelled probe was prepared by random primer label- 
ling with an Oligo Labelling Kit (Pharmacia) as per the suppli- 
ers instructions with 32P-dCTP (ICN Radiochemicals). The ten~ 
plate DNA used was the 1055 bp BamHI fragment of pHYGI1, which 
is the HPT coding sequence. The fragment was gel purified and 
cut again with PstI (NEB) before Labelling. 


The hybridization was performed in 50% formamide, 6X SSC, 
1% SDS, 50 ug/ml denatured salmon sperm DNA (Sigma), 0.05% sodi- 
um pyrophosphate and all of the isopropanol precipitated heat 
denatured probe ( 10/ CPM/S50ug template). The hybridization 
was carried out at 42°C. overnight. 


The membrane was washed twice in 50 ml 6X SSC, 0.1% SDS 5 
min. at room temperature with shaking, then twice in 500 ml 6x 
ssc, 0.1% SDS 15 min. at room temperature, then twice in 500 mi 
1X SSC, 1% SDS 30 min. at 42°C., and finally in 500 ml 0.1X ssc 
41% SDS 60 min. at 65°C. Membranes were exposed to Kodak X-OMAT 
AR film in an X-OMATIC cassette with intensifying screens. As 
shown in Figure 3, a hand was observed for PH1 callus at the ex- 
pected position of 1.05 Kb, indicating that the HPT coding se- 
quence was present. No band was ae ade for control callus. 
VI. Plant regeneration and production of seed 

PH1L callus was transferred directly from ali of the con- 
centrations of hygromycin used in the {inhibition study to RM5 
medium which consists of MS basal salts (Murashige et al. 1962) 
supplemented with thiamine HC1 0.5 mg/l, 2,4~D 0.75 ng/l, su~ 
crose 50 g/l, asparagine 150 mg/i1, and Gelrite 2.5 g/l (Kelico 
Inc. San Diego). 
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After 14 d on RMS medium the majority of PH1 and negative 
control callus was transferred to R5 medium which is the same 
as RMS medium, except that 2,4-D is omitted. These were cultur~ 
ed in the dark for 7 d at 26°C. and transferred to a Light re- 
gime of 14 hours light and 10 hours dark for 14 d at 26°C. At 
this point, plantlets that had formed were transferred to one 
quart canning jars (Ball) containing 100 ml of RS mediun. 
Plants were transferred from jars to vermiculite after 14 and 
21 d. Plants were grown in vermiculite for 7 or 8 d before 
transplanting into soil and grown to maturity. A total of 65 
plants were produced from PH1 and a total of 30 plants were pro- 
duced from control callus. 


To demonstrate that the introduced DNA had been retained 
in the Ro tissue, a Southern blot was performed as previously 
described on leaf DNA from three randomly chosen RO. ‘plants of 
PH1. As shown in Figure 4, a 1.05 Kb band was observed with 
all three plants indicating that the HPT coding sequence was 
present. No band was observed for DNA from a control plant. 


Controlled pollinations of mature PH1 plants were conduct~- 
ed by standard techniques with inbred Lines A188, B73 and Oh43. 
Seed was harvested 45 days post-pollination and allowed to ary 
further 1-2 weeks. Seed set varied from 0 to 40 seeds per ear 
when PH1 was the female parent and from 0 to 32 seeds per ear 
when PH1 was the male parent. 


VII. Analysis of the RL. progeny 

The presence of the hygromycin “resistance trait was evalu- 
ated by a root elongation bioassay, an etiolated leaf bioassay, 
and by Southern blotting. Two ears each from regenerated PH1 
and control plants were selected for analysis. The pollen don- 
or was inbred Line A188 for ail ears. 


(A) Root Elongation Bioassay 
Geed was sterilized in a Ii:i dilution of commercial 
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bleach in water plus alconox 0.1% for 20 min. in 125 mi Erlen- 
meyer flasks and rinsed 3 times in sterile water and imbibed 
overnight in sterile water containing 50 mg/ml captan by shak- 
ing at 150 rpm. | 


After imbibition, the solution was decanted from the 
flasks and the seed transferred to flow boxes (Flow Laborator- 
jes) containing 3 sheets of H30 saturated germination paper. 
A fourth sheet of water saturated germination paper was placed 
on top of the seed. Seed was allowed to germinate 4 d. 


After the seed had germinated, approximately 1 cm of the 
primary root tip was excised from each seedling and plated on 
MS salts, 20 g/l sucrose, 50 mg/l hygromycin, 0.25% Gelrite, 
‘and incubated in the dark at 26°C. for 4 d. 

Roots were evaluated for the presence or absence of 
abundant root hairs and root branches. Roots were classified 
as transgenic (hygromycin resistant) if they had root hairs and 
root branches, and untransformed (hygromycin sensitive) .1f they 
had limited numbers of branches. The results are shown in 
Table 1. 


(B) Etiolated leaf bioassay 

After the root tips were excised as described above, the 
seedlings of one PH1 ear and one control ear were transferred 
to moist vermiculite and grown in the dark for 5 d. At this 
point 1 mm sections were cut from the tip of the coleoptile, 
surface sterilized 10 seconds, and plated on MS basal salts, 20 
g/l sucrose, 2.5 g/l Gelrite with either 0 (control) or 100 
mg/l hygromycin and incubated in the dark at 26° c. for 18 hr. 
Each plate contained duplicate sections of each shoot. They 
were then incubated in a light regimen of 14 hours Light 10 
hours dark at 26°C. for 48 hr, and rated on a scale of from 0 
(all brown) to 6 (all green) for the percent of green color in 
the leaf tissue. Shoots were classified as untransformed (hy- 
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gromycin sensitive) if they had a rating of zero and classified 
as transformed (hygromycin resistant) if they had a rating of 3 


or greater. The results are shown in Table 1. 


(Cc) Southern Blots 





Seedling form the bioassays were transplanted to soil and 
are growing to sexual maturity. DNA was isolated from 0.8 g of 
leaf tissue after about 3 weeks and probed with the HPT coding 
sequence as described previously. Plants with a 1.05 Kb band 
present in the Southern blot were classified as transgenic. As 
shown in Figure 5, two out of seven.progeny of PH1 plant 3 were 
transgenic as were three out of eight progeny of PHL plant 10. 
The blot results correlated precisely with data from the bioas- 
says, confirming that the heterologous DNA was transmitted 


through one complete sexual life cycle. All data are summariz~ 
ed in Table 1. 


TABLE 1 
ANALYSIS OF PH1 RL PLANTS 





PH1 ROOT LEAF BLOT CONT. ROOT LEAF BLOT 
PLANT ASSAY ASSAY _w PLANT ASSAY SSAY ___ 
3.1 + ND + 4.1. _ ND ND 
3.2 - ND - 4.2 ~ ND ND 
3.3 - ND _ 4.3 ~ ND ND 
3.4 - ND - 4.4 ~ ND ND 
5 - ND = 4.5 ~ ND ND 
+ ND + 4.6 - ND ND 
3.7 _ ND ~ 4.7 - ND ND 
2.1 ~ ND ~ 
10.1 + + + L.l : _ . 
10.2 + + < 1.2 ~ - ND 
10.3 ~ - ND 1.3 - - ND 
10.4 -- - - 1.4 - - ND 
BIOT-104 - 1/22/90 -~ 33 ~ 
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10.5 _ = = 1.5 a _ ND 

10.6 one - aad L«6 = = ND 

10.7 - = — 1.7 _ = ND 

10.8 ND + + 1.8 eee - ND 

KEY:+ = transgenic; - = nontransgenic; ND = not done 
EXAMPLE IT 





The procedure of Example I was repeated with minor modifi- 
cations. 


t. Plant lines and tissue cultures | 
The embryogenic maize callus line, AB12, was used as in 
Example I. The line had been initiated about 18-months before 


the actual bombardment occurred. 


It. Plasmids 
‘The plasmids pBII221 and pHYGI1l described in Example [I 
were used. 


TII. DNA delivery process 

Callus was hombarded exactly as in Example I except that 
the DNA used in the tungsten/DNA preparations differed. All of 
the tubes contained 25 ul 50 mg/ml M~10 tungsten in water, 25 
ul 2.5 M Cacl,, and 10 ul 100 mM spermidine free base along 
with a total of 5 ul 1 mg/ml total plasmid content. One tube 
contained only plasmid pBII221; two tubes contained only plas- 
mid pHYGI1; and one tube contained no plasmid but 5 ul TE-1 (10 
mM Tris-HCl pH 8.0, 1mM EDTA pH 8.0). 


The following bombardments were done: 


2 X pBII221 prep For transient expression 

7 x pHYGI1 prep Potential positive treatment 

3 x TE prep Negative control treatment 
BIOT-104 - 1/22/90 - 34 - 
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After all the bombardments were performed, the callus 
from the pBII221 treatments was transferred plate for plate to 
F medium as five 50 mg pieces. After 2 d the callus was placed 
into GUS assay buffer as per Example I. Numbers of transiently 
expressing cells were counted and found to be 686 and 845 GUS 
positive cells, suggesting that the particle delivery process 
had occurred in the other bombarded plates. 


IV. Selection of transformed callus 

After bombardment the callus from the pHYGI1 treatments 
was placed onto round 1 selection plates, F medium containing 
15 mg/l hygromycin, as ten 25 ng pieces per plate (different 
from Example I). The same was done for two of the plates bom~ 
barded with the TE preparation (selected control callus). One 
plate of callus bombarded with the TE preparation was placed 
onto F medium with no hygromycin; this callus was maintained 
throughout the ongoing experiment as a source of control tissue 
and was referred to as unselected control callus. 


After 13 d the callus on round 1 selection plates was in- 
distinguishable from unselected control callus. All of the cal- 
lus was transferred from round 1 selection plates to round 2 se~ 
lection plates containing 60 mg/l hygromycin. An approximate 
five fold expansion of the numbers of plates occurred. 


The callus on round 2 selection plates had increased 
substantially in weight after 23 d, but at this time appeared 
close to dead. All of the callus was transfered from round 2 
selection plates to round 3 selection plates containing 60 mg/l 
hygromycin. This transfer of all material from round 2 to 
round 3 selection differs from Example I in which only viable 
sectors were transferred and the round 2 plates reserved. 


At 58 dad post-bombardment three live sectors were observed 
proliferating from the surrounding dead tissue. All three 
lines were from pHYGI1 treatments and were designated 24C, 56A, 
BIOT-104 - 1/22/90 - 35 = 
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and SSA. 


After 15 d on maintainance medium, growth of the lines 
was observed. The line 24C grew well whereas Lines 55A and 56A 
grew more slowly. Ail three lines were transferred to F medium 
containing 60 mg/l hygromycin. Unselected control callus from 
maintenance was plated to F medium having 60 mg/1 hygromycin. 


After 19 dad on 60 mg/l hygromycin the growth of Line 24¢C 
appeared to be entirely uninhibited, with the control showing 
approximately 80% of the weight gain of 24c. The line 5S6A was 
completely dead, and the line 55A was very close. The lines 
24C and 55A were transferred again to F 60 ng/l hygromycin as 
was the control tissue. 


After 23 d on 60 mg/l hygromycin the line 24C again ap- 
peared entirely uninhibited. The line 55A was completely dead, 
as was the negative control callus on its second exposure to to 
F 60 mg/l hygromycin. 


At 88 d post-bombardment, a sector was observed prolifer~ 
ating among the surrounding dead tissue on the round 3 selec- 
tion plates. The callus was from a plate bombarded with pHYGI1 
and was designated 13H. The callus was transferred to F medium 
and cultured for 19 d. Portions of the callus were then trans~ 
ferred to (i) F media containing 15 ng/l hygromycin and (ii) F 
media containing 60 mg/l hygromycin. Control callus was plated 
on F media with 15 ng/1l hygromycin. After 14 d of culture, the 
callus line 13E appeared uninhibited on both levels of hygromy~ 
cin. The control callus appeared to have about g0% of the 
weight gain of 13E. The callus lines were transferred to fresh 
media at the same respective levels of hygromycin. 


vy. Confirmation of transformed callus 

A Southern blot was prepared from DNA from the line 24C. 
As shown in Figure 6, a band was observed for the line 24C at 
BIOT-104 - 1/22/90 ~ 36 - 
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the expected size of 1.05 Kb showing that the line 24¢c contain~ 
ed the HPT coding sequence. No band was observed for DNA from 


control tissue. The name of the callus line 24C was changed to 
PH2. 


VI. Plant regeneration and production of seed | 
The line 24C along with unselected control callus were 
placed onto RM5 medium to regenerate plants as in Example [f. 


After 16 dad the callus was transferred to R5 medium as in Exam- 
ple I. 


EXAMPLE TIE 


The procedure of Example II was repeated exactly except 
that different plasmids were used. 


The plasmids pBII221 and pHYGI1 described in Example I 
were used as well as pMS533 which is a plasmid that contains 
the insecticidal Bacillus thuringiensis endotoxin (BT) gene fus- 
ed in frame with the neomycin phosphotransferase (NPTII) gene. 


_§' of the fusion gene are located segments of DNA from the CaMV 


35S and nopaline synthase promoters. 3' from the fusion gene 
are segments of DNA derived from the tomato protease inhibitor 
I gene and the poly A region of the nopaline synthase gene. 


Callus was bombarded exactly as in Example I except that 
the DNA used in the tungsten/DNA preparations differed. Two 
tubes contained plasmids pHYGI1 and pMS533 and one tube contain- 


ed no plasmid but 5 ul TE-1 (10 mM Tris-HCl pH 8.0, imM EDTA pH 
8.0) * 


The following bombardments were done: 


9 xX PHYGT1/pMS533 Potential positive treatment 
2x TE prep Control treatment 


After bombardment the callus from the pHYGI1/pMS533 treat- 
BIOT-104 ~ 1/22/90 -~ 37 ~ 
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ments was placed onto round 1 selection plates, F medium con- 
taining 15 mg/l hygromycin, as ten 25 mg pleces per plate. The 
same was done for one of the plates bombarded with the TE prepa-~ 
ration (selected control callus). one plate of callus bombard- 
ed with the TE preparation was placed onto F medium with no hy~ 
gromycin; this callus was maintained throughout the ongoing ex- 
periment as a source of control tissue and was referred to as 


~ 


unselected control callus. 


After 12 da the callus on round 1 selection plates appear~- 
ed to show about 90% of the weight. gain of the unselected con- 
trol callus. All of the callus was transferred from round 1 
selection plates to round 2 selection plates containing 60 mg/1 
hygromycin as ten 30 mg pieces per plate. : 


After 22 d of selection on round 2 selection plates, the 
callus appeared completely uninhibited. All of the callus was 
transferred from round 2 selection plates to round 3 selection 
plates containing 60 mg/l hygromycin. 


At 74 d post-bombardment a single viable sector was ob- 
served proliferating from the surrounding necrotic tissue. The 
callus line was from pHYGI1/pMS533 treated material and was des- 
ignated 86R. The callus line 86R was transferred to F medium. 


After 24 a@ the callus line 86R had grown substantially. 
Portions of the callus were then transferred to (i) F media 
containing 15 mg/l hygromycin and (ii) F media containing 60 
mg/l hygromycin. Control callus was plated on F media with 15 
mg/l hygromycin. 


After 19 d of culture, the callus line 86R appeared to 
grow rapidly and was uninhibited on both levels of hygromycin. 
The control callus appeared to have only about 50% of the 
weight gain of 86R. The callus lines were transferred to fresh 
media at the same respective levels of hygromycin to further 
BIOT~104 ~ 1/22/90 - 38 - 
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test the resistance of the callus line 86R to hygromycin. 


COMPARATIVE EXAMPLE _A 

The basic procedures of Examples I-III have been attempt- 
ed except varying the selection regime or the form of the cal- 
lus. These other attempts, which are detailed in Table 2 be- 
low, were not successful. Since they were not repeated several 
times, it is not known whether they can be made to work. In 
all of the procedures, no viable sectors were observed. In the 
Table, "“Sieved" indicates that the callus was passed through an 
860 micron sieve before bombardment; -the selective agent was hy- 
gromycin for each case except when pMXTI1 was the plasmid and 
methotrexate the selection agent. 


TABLE 2 
Summary of Comparative Example A 

Recip. Recov. Round 1 Round 1 Round 2 Round 2 

Tissue Plasmids Period Level Period Level Period 

Clumps pCHNI-1 13 60 on 60 81 
pBII221 

Clumps pCHNi-1 14 100 22 ~ - 
pBII221 

Clumps PHYGI1L 8 60 Lo 30 132 
pBII221 

Clumps pCHN1I~1 0 30 22 60 109 
pBII221 

Clumps pMTXAT 1 8 3 103 ~ ~ 
PBIT221 

Sieved pCHN1~1 13 ~” ~ - = 
pBII221 
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WHAT IS CLAIMED IS 


1. A fertile transgenic Zea mays plant containing heter- 
ologous DNA which is heritable. 


2. The plant of Claim 1 wherein the heterologous DNA en- 
codes a protein. 


3. The plant of Claim 2 wherein the heterologous DNA is 
expressed. 


4. The plant of Claim 1 wherein the heterologous DNA en 
codes an antisense RNA. 


5. The plant of Claim 1 wherein the Zea mays plant is se- 
lected from the group consisting essentially of field’ corn, pop- 
corn, sweet corn, flint corn, and dent corn. 


6. The plant of Claim 1 wherein the heterologous DNA com~ 
prises a gene selected from the group consisting of non-plant 
genes, modified genes, synthetic genes, and genes from other 
plant strains or species. 


7. The plant of Claim 1 wherein said heterologous DNA en— 
codes a beneficial trait to the plant. 


8. The plant of Claim 7 wherein said beneficial trait is 
selected from the group consisting essentially of promoting in- 
creased crop food value, higher yield, reduced production cost, 
pest resistance, stress tolerance, drought resistance, disease 
resistance, and the ability to produce a chemical. 


9. The plant of Claim 1 which expresses a selectable 
marker gene. 


10. The plant of Claim 9 wherein the selectable marker 
BIOT-104 ~ 1/22/90 -~ 40 - 
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gene confers resistance or tolerance to a compound selected 
from the group consisting of hygromycin, kanamycin, G418, neomy~ 


cin, glyphosate, methotrexate, jmidazolinone, chlorsulfuron, 
and bromoxynil. 


11. The plant of Claim 9 wherein the selectable marker 
gene confers resistance or tolerance to hygromycin. 


12. The plant of Claim 1 which expresses a reporter gene. 


13. The seed produced by the plant of Claim 1 which inher- 
it the heterologous DNA.. 


14. The grain produced from the plant of Claim 1 when the 


heterologous DNA increases the crop food value or feed value of 
said grain. 


15. The food produced from the grain of Claim 14. 


16. The R2 and higher generations of the plant of Claim 


17. The products derived from the Zea mays plant of Claim 
L or any part thereof. 


18. The plant of Claim 1 which is produced from transgen— 
ic seed produced from a fertile transgenic plant using cross- 
breeding techniques. 


19. A process for producing a fertile transgenic Zea mays 
plant which stably expresses heterologous DNA which is herita- 
ble, wherein the process comprises the steps of (i) establish- 
ing a friable embryogenic callus of a plant to be transformed, 
(ii) transforming said callus by bombarding it with DNA~coated 
microprojectiles in a microprojectile bombardment procedure, 
(iii) identifying or selecting a transformed callus cell, and 
BIOT-104 - 1/22/90 ~ 41 - 
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(iv) regenerating a fertile transgenic plant therefrom. 


20. The process of Claim 19 wherein the callus subjected 
to bombardment is in clumps of about 30 to 80 mg per clump. 


21. The process of Claim 19 wherein the callus had been 
initiated about 3 to 36 months before the bombardment. 


22. The process of Claim 19 wherein the callus is main- 
tained on solid induction media. 
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has been issued under 37 CFR 5.15(b). The license is subject to revocation upon 
written notification. The date indicated is the effective date of the license, unless 
an earlier license of similar scope has been granted under 37 CFR 5.13 or 5.14. 


This license is to be retained by the licensee and may be used at any time on or 
after the effective date thereof unless it is revoked. This license is automatically 
transferred to any related application(s) filed under 37 CFR 1.62 which meets the 
provisions of 37 CFR 5.15(a). This license is not retroactive. 


The grant of a license does not in any way lessen the responsibility ofa 
licensee for the security of the subject matter as imposed by any Government 
contract or the provisions of existing laws relating to espionage and the 
national security or the export of technical data. Licensees should apprise 
themselves of current regulations, especially with respect to certain 

countries, of other agencies, particularly the Office of Defense Trade Controls, 
Department of State (with respect to Arms, Munitions and Implements of War 
(22 CFR Parts 121-128) }; the Office of Export Administration, Department of 
Commerce (15 CFR 370.10 (j) }; the Office of Foreign Assets Control, 
Department of Treasury (31 CFR Parts 500+) and the Department of Energy. 


NOT GRANTED 


No license under 35 U.S.C. 184 has been granted at this time, if the phrase 
"EOREIGN FILING LICENSE GRANTED" DOES NOT appear on the reverse 

side of this form. Applicant may still petition for a license under 37 CFR 5.12, 
‘fa license is desired before the expiration of 6 months from the fiing date of the 
application. If 6 months has lapsed from the filing date of this application and the 
licensee has not received any indication of a secrecy order under 35 U.S.C. 181, 
the licensee may foreign file the application pursuant to 37 CFR 5.15({b). 


0002844 


Case 1:04-cv-00305-SLR Document 225-3 Filed 01/11/2006 Page 35 of 50 


S/N 08/844.555 PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFI 

Applicants: Ronald C. Lundquist et al. Examiner: Gary Benzion 

Serial No.: 08/844,555 Group Art Unit: 1649 

Filed: April 21, 1997 Docket: 950.001US5 

Title: FERTILE TRANSGENIC CORN PLANTS 


ere tattarerern suns rr erevrrrt saps Peer ATE Crete Pre SALA eee ee 


SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 


Assistant Commissioner for Patents 
Washington, D.C. 20231 

In compliance with the duty imposed by 37 C.F.R. § 1.56, and in accordance with 
37 CER. §§ 1.97 et. seq., the enclosed materials are brought to the attention of the Examiner for 
consideration in connection with the above-~identified patent application. Applicants respectfully 
request that this Supplemental Information Disclosure Statement be entered and the documents 
listed on the attached Form 1449 be considered by the Examiner and made of record. Pursuant to 
the provisions of MPEP 609, Applicants further request that a copy of the 1449 form, initialled 
by the Examiner to indicate that all listed citations have been considered, be returned with the 
next official communication. 

Applicants have included the fee of $240.00 under 37 C.F.R. §§ 1.97(c) and . 
1.17(p). Please charge any additional fees or credit any overpayment to Account No. 19-0743. 
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SUPPLEMENTAL INFORMATION BISCLOSURE STATEMENT Page 2 
Serial Number: 08/844,555 Dict: 950.061US5 
Filing Date: April 21, 1997 

Title: FERTILE TRANSGENIC CORN PLANTS 


The Examiner is invited to contact Applicants' Representative at the below-listed 


telephone number if there are any questions regarding this communication. 


Respectfully submitted, 
RONALD C. LUNDQUIST ET AL. 
By their Representatives, 


SCHWEGMAN, LUNDBERG, WOESSNER & KLUTH, P.A. 
P.O. Box 2938 

Minneapolis, MN 55402 

(612) 373-6976 


Date ok ki By Dad hoe 


DLP:jsf David L. Provence 
Reg. No. P-43,022 


I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail in an envelope addressed to 
Assistant Commissioner of Patents, Washington, D.C. 20231 on April 30, 1998. 


— 


dN 


Name 
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Sheet | of 
Form 1449* Atty. Docket No.: 950.001US5 Serial No. 08/844,555 
INFORMATION DISCLOSURE STATEMENT | Applicants: Ronald C. Lundquist et al. 
BY APPLICANT = : 
(Use several sheets if necessary) Filing Date: April 21, 1997 Group: 1649 


U.S. PATENT DOCUMENTS 
**Preminer ‘ Filling Datw 
Ynitial Document Hunber Dete Naoe Claes Subclaae If Appropriate 


5,565, 347 10/15/1996 Fillatti et al. 435 1i2c2 06/10/86 





FOREIGN PATENT .DOCUMENTS 


Tranelation 


orExyant nex 
Initial Document, Hisber Date Country Class Bubclaas Yea | Ho 


OTHER DOCUMENTS 


e*eraminar (Including Author, Title, Date, Pertinent Pages, Etc,) 
Ynitiat 


tt 
Examiner !Date Considered 


Substitute Diachosure Statement Form (PTO-1443)} 


A*PZAHIKER: Inithal ££ citation considered, whatber or not citation fa in coaformance with HPfP 609; Deaw tine through citation if nok tn confpr 
and pot considered. Include copy of this tora “ith next coemuntcation to epplicant. 
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S/N_08/844,555 PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicants: Ronald C. Lundquist et al. Examiner: Unknown 
Serial No.:  08/844,555 Group Art Unit: Unknown 
Filed: April 21, 1997 Docket: 950.001US5 
Title: FERTILE TRANSGENIC CORN PLANTS 
PRELIMINARY AMENDMENT 





Assistant Commissioner for Patents 
Washington, D.C. 20231 


When the above-identified patent application is taken up for consideration, please 


make the following changes: 


In the Specification 
At page 11, line 20, after "in" please delete “Weising, supra.” and insert -- Table | 
-- and insert the following Table I: 
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PRELIMINARY AMENDMENT Page 10 
Serial Number: 08/845,217 Dit: 950 601US6 
Filing Date: April 21, 1997 

Tithe: FERTILE TRANSGENIC CORN PLANTS 


At page 11, line 31, after "in" please delete “Weising et al., supra” and insert 


-- Table 2 -- and insert the following Table 2: 
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